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ABSTRACT

Among the most important criteria in the design and

implementation of an interactive system for data analysis

are: data structure , control language and user i n t e r f ac e ,

system versatility, extensibility, and portability. The

design of an in terac t ive  system , viewe d as a sequent ial

consideration of these criteria , will be discussed .
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1. I N T R O D U C T I O N

The commonly accepted meaning of the term
“interactive ” in “interactive systems ” has gone through a
rapid evolution in the past decade. In the early days ,
“interactive computing ” generally meant “remote entry of
batch jobs from a terminal. ” This was accomplished by
modifying the source codes of batch programs for the input
of control—card information (and data) to accept input from
the terminal via a fixed sequence of prompts. Such a mode of
operation gave rise to the expression “conversational
program ” , although almost all of the “conversations ” were
initiated by the program and not by the user , so that there
were very little genuine man—machine — interactions.

Today , the concept of interactive computing is
considerably more advanced and sophisticated , so is the
design and implementation of systems supporting such a mode
of computing. The terms “interactive ” and “terminal—
oriented” (or timesharing) are no longer synonymous. I
shall use “an interactive system for data analysis ” to mean
a system which is capable of supporting a high level of
efficient , man—machine interaction in data analysis , when
the ana lys i s  cal ls  for  a sequent ia l  decis ion procedure  by
the user , w i th  cond i t i ona l  mu l t i p l e  b ranches  at each s tep
depending  on the intermediate results of the previous steps .

A wel l— des igned  i n t e r a c t i ve  system wi l l , at  the very
least , enable its user to attempt one or more iterations of
data editing , plotting , transformations , or new ana lyses ,
without re—initiating the system or re—entering the data
values. The same analysis , using batch systems or
inflexible terminal—oriented systems , will necessitate many
separ ate runs , each of which will duplicate some steps of
the previous analysis (e.g., re—entering the data). Besides
being flexible , versatile , and numerically dependable , a
good interactive system should provide its users with a
large variety of convenience features that are not feasible
under a batch computing enviroment. For example , there
should be internal documentations and help files so that a
user need not have a User ’s Manual by his side to be able to
make efficient use of the system ; detectable spelling and
logical errors made by the user should be detected by the
system and facilities should be provided for the on—line
correction of such errors; and there should be other error
diagnostic and recovery features.

In this article , the design of an interactive system
will be considered as the ma king of a sequence of decisions
about the characteristics of the design , where early
decisions may impose constraints on later decisions.
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Whether a decision is made early or late in this sequence is
not related to the importance of the system characteristic
which the dec is ion  may a f f e c t .  Ther e fo re , i f  an e a r l y
decision should place too much  c o n s t r a i n t  on some c r i t e r i a
tha t  are judged to be impor t an t , a des igner  may  need to go
th rough  several  i t e r a t i o n s  of the dec i s ion  sequence as
presented here .

Since I am much more familiar with existing
interactive systems for statistical data analysis , I shall
make references to them for illustration purposes. The
concepts and considerations discussed in this article about
the design of i n t e r a c t i v e  systems are genera l  in n a t u r e  and
are ne i ther  p rob lem —s pec i f i c  nor d i c i p l i n e — s p e c i f i c .

2. GENERAL CHARACTERISTICS UNDER CONSIDERATION

2.1  P o r t a b i l i t y

A por tab le  system is one which  can be run on a
d i f f e r e n t  computer  or operating system (other than the one
on which the system was des igned and implemen ted )  wi th
l i t t l e  or no m o d i f i c a t i o n .  A legitimate reason for
cons ider ing  a non—portable system is tha t  if the system is
desig•ned to be run exclusively under a computer network
env iromen t , then by sacrificing portability, the designer
may freely use non— standard features of the source language ,
opera t ing  system , or the host computer , to make op t ima l  use
of the ava i l ab le  f ea tu re s .  However , most of the e x i s t i ng
interactive systems are severely limited in portability for
the wrong reasons , the most common of which is that the
designers did not take sufficient precaution at the design
stage to make the system portable.

Recent literature on the evaluation of statistical
software (see e.g., Francis, Heiberger , and Velleman [8],
Plattsmier [14], and Velleman and Welsch [18)) generally
considered Portability to be an important and desirable
feature of any software. Therefore , a high priority should
be placed on the criterion of portability although it will
necessarily impose many constraints on other aspects of the
system design. Portability of a system from maxicomputers
to minicomputers poses many severe constraints on the design
of an interactive system (see Ling [12]) and should probably
be considered as an unrealistic goal to strive for at the
present time.

J
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• 2.2 Choice of Source Language

For the source code of an interactive system , an
interpretive language , such as BASIC and APL , has many
technical advantages over a language that requires pre—
compilation , such as FORTRAN and PL/I. At the present time ,
portability considerations will limit the choice not only to
BASI C an d FORTRAN , but to some simple dialects of these
languages , such as ANSI FORTRAN or a subset of the features

• in BASIC (see e.g., Isaacs [10]).

2.3 Choice of Data Structure and Program Structure

Once a programming language is decided upon , the
designer should then choose a data structure and the
corresponding program structure , taking into consideration
the available core for the system and whether the system is
to be general purpose or special purpose.

Decisions on the data structure includ e choosing the
types of data the system will admit (scalers , vectors ,
matrices , arrays ; binar y—valued , integer—valued , real—
valued , complex—valued , and categorical or non—numeric
variables) as well as how they are stored , r e t r i eved , and
interfaced (fix—sized storage lacations for each type of
data , variable—sized locations , or user—defined data
structure with storage locations dynam ically allocated ).
For exam pl e , for statistical data analysis , a commonly
employed scheme is to allocate the bulk of the high— speed
memory to a pr imary rectangular array of data values ,
classified as cases by variables. This array, together with
other variables , arrays , and system parameters are stored in
COMMON areas for passing data and system information among
its subprograms. Such is the basic structure of interactive
systems IDA [11], MIDAS [7], miniBMD [ 14 ], SIPS [9], and
others. The SPEAKEASY system [17] (not designed to be
portable) has perhaps the most general and flexible data
structure of all interactive systems to date . When a user
defines a variable under this system , he defines the type
(real , complex , vector , matrix , etc.) as well as the size ,
and the system dynamically allocates storage locations for
the variable , so that users using small datasets require

• less space than users using large datasets , which is
generally not the case in other systems.

The most important considerations concerning the
program structure of an interactive system are the degree of
modularity of the system , the overlay structure of
subprograms and utility programs (in FORTRAN) or the
CHAINING or program—communication structure (in BASIC) , and
the isolation of machine—dependent codes (if they cannot be
avoided ) to a module of the system . Finally, the system
should be designed and implemented in a way which make s



14

allowances for system expansion as well as extensions by its
users who may wish to add modules of their own to the
system .

3. USER I N T E R F A C E

The aspects of user interface discussed in this
Section are the chief distinguishing features of interactive
systems from non— interactive ones. They pose the most
challenging problems for the system designer and in my
opinion , existing systems handle such problems with very
limited degrees of success.

3. 1 Control Language

A control  l anguage  des igned  s p e c i f i c a l l y  for  the
novice in computing or a novice in the areas of application
is likely to be too clumsy for the expert users.
Conversely , a control language suitable for experts is
likely to be too difficult for novices or new users. It is
technically feasible to implement a flexible control
language suitable to users of both extremes , although no
existing system seems to meet the challenge in a completely
satisfactory manner.

Consider some examples of how regression runs are
specified in various existing statistical packages.

I I
I Li : Regress IDA [11 ,13 ] I
I (or Regr; System prompts for additional I
I info rmation — long prompts  for  users  I
I working in beginner ’s mode and short I
I prompts for expert ’s mode) I
I L2: Regress var :5;1—3 MIDA S [6,7] I
I L3: Regress,5,1— 3 SIPS [1 ,9] I
I L4: Regress y on (xi ,x2 ,x3) DATATRAN [3] I
I L5: Multiregre ssion (xl ,x2 ,x3,y:r) SPEAKEASY [17] I
I L6: Regress y in c5 using 3 pred . in cl ,c2 ,c3 I
I MINITAB [15] I
I L7: Regress c5 on 3 variables ci c2 c3 I
I MINITAB II [1 6] I
I L8: Regress y on (principal—component I
I (log(xi) ,log(x2),log(x3))) DATATRAN (2] I
I L9: eval cpm::crossp(dtmx) I
I eval cfs : rgqs (cpm) pr int coefs CS [5] I
I (where dtmx is the data matrix ) I
I I



- ~—~~~~~ - -~~~~ --
~~-~~~~~~~~~~~~~.-~~~~~~~ -

5

Li has the advantage that the user has to remember
only  one control  word ( command word or keyword ) for each
procedur e , and the system prompts for the rest . It’s
p r i n c i p a l  d i s a d v a n t a g e  is tha t  it takes  seve ra l  commands  and
m a n y  prompt e x c h a n g e s  to accompl i sh  the same task  as t h a t
spec i f ied  in a s ing le  l ine  in L8.

L2 and L3 a re  e f f i c i e n t .  They a l low a user  to
spec i fy  a task wi th  a m i n i m a l  amount  of t y p i n g . So are L~4
and L5 , to a lesser degree .  However , a l l  of them r e q u i r e
the user to know the exac t  s y n t a x , g rammar , and where the
commas , colons , s imicolons  and other  symbols  go.  What  if  a
user make s a typing mistake or syntatic error? The same
quest ion appl ies  to L6 th rough  L9 as we l l .  None of the
systems ( L 2 — L 9 )  has a s a t i s f a c t o r y  e r ror  r e c o v e r y  scheme.

In my op in ion , an ideal cont ro l  l anguage  should have
Li  as the basic (or  d e f a u l t)  s t r u c t u r e , but  the user may
ove r r i de  the prompt ing  s t r u c t u r e  by s p e c i f y i n g  a task in
some fo rm s imi l a r  to L 2 — L 9 ,  and if the user make s a s y n t a t i c
error (implying he is not as f a m i l i a r  w i th  the cont ro l
language as he thought he was), the system reverts to the
prompting mode automatically (which he may again override if
he so chooses) .  This fo rm of s t r u c t u r e  seems to be the most
sensible  way to des ign a cont ro l  l a n g u a g e .  It does not  make
the unreasonable  assumpt ions  t h a t  a user f a m i l i a r  w i th  some
procedur es  of a system is e q u a l l y  f a m i l i a r  wi th  o ther
procedur es ;  tha t  a novice  r emains  a n o v i c e ;  or that  an
exper t  does not make typ ing  and syn ta t i c  e r ro r s .

L6 and L7 resemble a “ n a t u r a l ”  l anguage  (or  o r d i n a r y
En g l i s h) .  They are d e f i n i t e l y  p r e f e r a b l e  to languages using
crypt ic  a b b r e v i a t i o n s  and u n n a t u r a l  s y n t a x e s  such as L9 .
Ho wever , the subtl e t r ap  is t h a t  what  appears  pe r f e c t l y
“ n a t u r a l ”  (once  you are f a m i l i a r  wi th  the keywo rd s and the
order of the parameter  v a l u e s )  may have  many  e q u a l l y
“natural” equivalent expressions that the control language
processor does not r ecogn ize . A case in point  is the
d i f f e r e n c e  between the two n a t u r a l  languages L6 and L7 in
MINIT AB and M INITAB II r e s p e c t i v e l y .  Both are  n a t u r a l
express ions  for  the same task but  they are  not c o m p a t i b l e .

Of the languages  i l l u s t r a t ed  here , DATA T RAN a dm it s
the most genera l  ( and n a t u r a l ) exp re s s ions .  The Cons i s t en t
System (CS ) is also ve ry  f l e x i b l e  in i ts cont ro l  l a n g u a g e
L9 . Its c ryp t ic  gramm ar  and v o c a b u l a r y  are  its ch ie f
drawbacks .

3 .2 I n t e r n a l  Do c u m e n t a t i o n  and Help Files

Idea l l y ,  al l  documen ta t ion  about  an i n t e r a c t i v e
system should be accessible by the user from the t e r m i n a l
whi le  he is ope ra t i ng  w i th in  the system . From the system

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _  
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designer ’s point of view , such an implementation would be
t ed ious  to accompl i sh  but  it should  p resen t  no t e chn i ca l
d i f f i c u l t i e s .  F r e q u e n t l y  accessed d o c u m e n t a t i o n  can be
placed in core whi l e  l e n g t h y  or i n f r e q u e n t l y  accessed
d o c u m e n t a t i o n  can be stored on disc  or other secondary
s to rage  d e v i c e s .  A l t e r n a t i v e l y ,  d o c u m e n t a t i o n s  m a y  be
segmented as overlayed subprograms which would not occupy
any  a c t i v e  p a r t i t io n  space u n t i l  they  are cal led . A User ’s
Manua l  should be an op t iona l  or a u x i l i a r y  f e a t u r e  of an
i n t e r a c t i v e  system , r a the r  than a n e c e s s i t y .

In p rac t ice , the system tha t  comes closest to this
ideal is the SPEAKEASY sys tem [ 17 ]  which contains the
equiva len t  of several  hundred pages of pr inted
documenta t ion , h i e r a r c h i c a l l y  o rgan ized  and r e t r i e v a b l e
th rough  the use of the keywor d HELP.  IDA [ 1 1]  has a v e r y
d i f f e r e n t  i n t e r n a l  d o c u m e n t a t i o n  s t r u c t u r e .  Some
d o c u m e n t a t i o n s  about  the system are o b t a i n a b l e  by e x e c u t i n g
commands COM M ( f o r  a l ist  of the va l id  command w o r d s )  and
INFO ( fo r genera l  in fo rma t ion  ab out  the system and v a r i o u s
categories  of commands ) .  Other e x p l a n a t io n s  can be ob ta ined
by the user as opt ions  to a n s w e r i n g  spec i f i c  p rompts .  Most
of the other ex i s t i ng  i n t e r a ct i v e  sys tems  have  v e r y  l im i ted
amounts  of i n t e r n a l  d o c u m e n t a t i o n .

3 .3 Error  Detect ion and Recove ry

The simplest  fo rm of er ror  de tec t ion  is the i n se r t i on
of source codes to check the user inpu t  for  spe l l ing  and
syn ta t i c  e r rors , and to produce  a p p r o p r i a t e  d i a g n o s t i c
messages and provide  o n — l i n e  co r rec t ion  f a c i l i t i e s  for the i r
remedy.  A r easonab le  s t ra t egy  is to assume tha t  some user
wi l l  make an e r ror  at some t ime at each place an e r ror  could
occur , and have the system make checks for  all possible
e r ro rs .  The imp lemen ta t ion  of thi s  s t r a t e g y  entails a f a i r
amount  of e f f o r t  of the pr ogrammer  and a smal l  a d d i t i o n a l
amount  of e x e c u t i o n  t ime , but  saves the user a g rea t  deal  of
wor ry ing  about  abnormal  ex i t s  (or  g e t t i n g  “bombed ” out of
the sys tem) .

Error de tec t ion  need not , and probably  should not , be
l imi t ed  to spel l ing  and synta t i c  e r ro r s .  Users o f t en  make
logical  er rors  tha t  are eas i ly  de t ec t ab le .  For example ,
they may spec i fy  a logor i thmic  t r a n s f o r m a t i o n  on a v a r i a b l e
which con ta in s  n e g a t i v e  v a l u e s ;  spec i fy  the same variable
as two d i f f e r e n t  independen t  va r i ab l e s  in a regress ion
pr oblem (which  would have led to the i nve r s ion  of a s i n g u l a r
m a t r i x , if unde t ec t ed) ;  or many o ther syn t a t i c al ly  correct
s p e c i f i c a t i o n s  tha t  would have  led to execu t ion  e r rors  tha t
may be fa ta l  to the i nt e r a c t i v e  sess ion.  These e r rors
should be detected b efore  e x e c u t i o n .  On a more
sophis t ica ted  level of e r ro r  de tec t ion , an i n t e r a c t i v e
system could be designed to detect  “ pr obable ” e r rors  of
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ap p l i c a t i o n  t h at  are  n e i t h e r  s y n t a t i c  nor e x e c u t i o n  e r r o r s .
For example , a user may f i t  a l i n e a r  f u n c t i o n a l  model  to a
set of da ta  t ha t  are  n o n l i n e a r l y  re la ted ; or there  may  be
ex t reme  o u t l i e r s  in the f i t t e d  mode l ;  or a user may ask to
store some r e su l t s  in l oca t ions  t h a t  would erase some of his
d a t a ;  and so on .  In each of such i n s t a n c e s , the co n d i t i o n
of probable  er ror  can be de tec te d an d the user can b e W A R N E D
at the t ime of de tec tion , so tha t  he may  e i the r  c o n t i n u e
wi th the task as spec i fi ed  or c h a n g e  h is  t a sk  s p e c i f i c a t i o n .
Th e system IDA has  a ve ry  e l a b o r a t e  subsys t em of e r r o r
de tec t ion  codes t ha t  wi l l  de tec t  a l l  of the above ty pes
e r ro r s .  As a r e su l t , a l arge por t ion  of the source co des in
IDA a re  e r r o r— d e t e c t i o n  codes.  There is almos t no l im it to
the amount  of e r ro r—de tec t io n  codes tha t  can be u s e f u l l y
incorpora ted  into an i n t e r a c t i v e  sys tem . The m a j p r
p rac t i ca l  cons t r a int s  are the l im i t ed  amount  of human
resources  in w r i t i n g  such codes ( as  opposed to w r i t i n g  codes
t h a t  c a r r y  h igher  p r i o r i t i e s  in d e v e l o p i n g  a sys t em )  and
possibly space l i mi t a t i o n s .

E r r o r — d e t e c t i o n  codes are themse lves  of l i t t l e  v a l u e
to the user unless they are accompanied  by i n f o r m a t i v e
d i agnos t i c  messages and codes for  easy r ecove ry  or change  of
tasks . Therefore , such codes are  impl ied  as neces sa ry  co—
re qu is i t e s  of e r r o r — d e t e c t i o n  codes.

A d i f f erent  fo rm of e r ro r  r ecove ry  p e r t a i n s  to
abnormal  ex i t s  from the in te rac tive sys tem into t he
Opera t ing  System of the m a c h i n e .  This could  occur  when the
user encoun te red  execut ion  e r rors  (caused by machine
a r i thmet ic  over f lows  or un de r f l ows ) as the r e s u l t  of an
undetec ted  er ror  in t a s k— s p e c i f i c a t i o n ;  or it could occur  as
the r e su l t  of an i n a d v e r t e n t  i n t e r r u p t  of the system by the
use r .  In e i ther  case , there  should be ways  of r e c a p t u r i n g
the i n t e r a c t i v e  session wi thou t  h a v i n g  to r e i n i t i a t e  the
e n t i r e  session.  Such a fo rm of re co v e r y  is ty p i c a l l y  eas ier
to accompl ish  when the system is co ded in BASIC or some
other i n t e r p r e t i v e  l anguage  than in FORTRAN. In the former
case , e x e c u t i o n  could eas i ly  be resumed at a spec i f i c  l i ne
number  of the source code near  which  the abnormal  i n t e r r u p t
took p lace .  In a FORTRAN e n v i r o m e n t , the re  is ge n e r a l l y  no
easy way to get back in to  the sys tem once e x e c u t i o n  is
t e rmina t ed , no rma l ly  or a b n o r m a l l y .  The most  e f f i c i e n t  way
of hand l i ng  error  recovery  of th i s  type is to have  special
codes to intercept  the pending i n t e r rup t  (via  m ach ine
l anguage  or assembler  l anguage  r o u t i n e s ) before  it reaches
the Op era t ing  System . However , such r o u t i n e s  wi l l  make the
i n t e r a c t i v e  system m a c h i n e — d e p e n d e n t  as well as O p e r a t i n g —
System—dependent  and hence n o n p o r t a b l e .  For porta b le
systems , a pa r t i a l  recovery  is possible  by p e r i o d i c a l l y
dumping  the s ta tus  of the system onto some t empora ry  f i le ,
which can be used to bring the system up to the point of the
d u m p ,  should there be a mach ine  crash  or some f a ta l
execu t ion  e r r o r .  IDA has such c a p a b i l i t i e s  in the commands

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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HOLD and P ICK.  These commands  can also be used to sav e  the
c o m p u t a t i o n  s t a tus  at the end of one session , to be r esumed
from t h a t  p o i n t  in a subsequent session , possibly at a lat er
date , w i t h o u t  h a v i r ~ to r e t r a c e  any previous computations.

13~ IMPL EM E NTATION CONSIDERATIONS

The i tems considered in t h i s  Sect ion  are  d e s i g n
dec i s ions  r e l a t i n g  to c e r t a i n  d e t a il s  in the i m p l e m e n t a t i o n
of so f tware  sys tems .  Many  of these dec i s ions  are  not
limited to the design of i n t e r a c t i ve  sys tems , t h o u g h  some
a re .

~4.i Versatile Output Format

Batch systems generally have fixed output format for
computational results because the standard printer page has
66 l ines  per page and can acco mmodate  132 p r i n t e d  c h a r a c t e r s
per l ine  (p l u s  one c a r r i a g e — c o n t r o l  c h a r a c t e r ) .  I n t e r a c t i v e
systems , on the other hand , are run on a large variety of
t e r m i n a l s  wi th  d i f f e r e n t  l i ne  widths and page lengths ,
r a n g i n g  from the s t anda rd  pr i n t e r  page to the s h o r t — w i d t h
and s h o r t — l en g t h  CR T screen . A t t r a c t i v e l y  f o r m a t t e d  o u t p u t
for one page—size is either unattractive or unsuitable for a
different page—size , especially for plots. Consequently, it
is highly desirable to write the printing and plotting
rou t ines  of an i n t e r a c t i ve  sy stem wi th  a v a r i b l e  page—size
parameter  which  can be spec i f i ed  by the user , a nd have  the
system prov ide  d i f f e r e n t  fo rmats  for  the same output
depending  on the value of the page—size parameter. It is
also des i r ab le  to have  the op t ion  for a user to spec i fy  the
number  of s i g n i f i c a n t  d i g i t s  or dec ima l  p laces  in the
printed output.

14.2 Versatile Plotting Options

Large size or full—page plots (even on small— sized
pages) can take a considerable amount of time on a slow 10
cps t e l e typewr i t e r  or t e r m i n a l .  Often  a much s m a l l e r — s i z e d
plot wi l l  con ta in  s u f f i c i e n t  de ta i l  for  a p a r t i c u l a r
problem . Other t imes , a user may wish to scan a mode ra t e
number  of d i f f e r e n t  small  plots and use the l a r g e — s i z e d
plots of the same for only a few cases that require greater
r e so lu t ions  or de t a i l s .  IDA , for  example , has three
d i f f e r e n t  s izes for  sca t te r  plots (large , small , and mini ).
Each of these plots  r equ i r e s  a p p r o x i m a t e l y  80 s ec . ,  30 s e c . ,
and 10 s ec . ,  r e s p e c t i v e l y ,  to p r i n t  on a 30 cps terminal.
The a d v a n t a g e  of h a v i n g  the op t ion  for a m i n i  p lot  on a low—
speed t e rmina l  seems o b v i ou s .
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Other  p l o t t i n g  v e r s a t i l i t y  c o n s i d e r a t i o n s  i n c l u d e a
flex ible cho ice~of scales  an d la b~ ls for  ea ch plot , and the
incor pora t ion of in t e r f a c e  f ac i l i t ies for  se lected plo ts on
v a r ious  s t a n d a r d  p l o t t i n g  e q u i p m e n t s  such  as the CALCOM P p en
plo t te r  and the Tek t ron ics  CR T g ra ph ic  un it .

14.3 Opt ional Background Output

Since an i nc rea s in g num ber of in t e r a c t ive sys tem
users  a re  compu t ing  on CRT t e r m i n a l s  (w h i c h  can  be opera ted
in m uch h igher  o u t p u t  speed s an d at a lo w er c os t tha n
har dco py term ina l s ) , p r o v i s i o n s  should  be made for  use rs  to
select ive ly  save  the ou tpu t  of pa r t  or al l  of the term ina l
session onto a data file in order to obtain copies of’ these
resu l t s  on a har d co py pr i n t in g dev ice (such as a stan d ar d
high—speed printer) at the end of a session. Facilities for
such a mo de of b ack g roun d out put can be use fu l even for  the
user whose foregroun d output is on a hardcopy terminal , when
m u l t i ple co pies of selected por t ions of the resu~~.s are• de sired .

14~ 14 Oth er C o n s i d e r a t i o n s

There are m a n y  o ther  c r i t e r i a  and opt ions  t h a t  mus t
be taken in to  c o n s i d e r a t i o n  in the des ign  of a c o mp u t a t i o n a l
system , e . g . ,  the n u m e r i c a l  accurac y and c o m p u t a t i o n a l
eff ic ien cy o f the al gor ithms , the e f f i c iency  of p ro g ramm in g
codes; whe ther  us ers  have  the op t ion  to choose the deg ree
of numer ical accurac y in the computations , whethe r  the
results are guarantee d to be accurate to the number of
d igi ts  pr in ted , and so on. However , s ince  these
considerations apply to interactive and non—interactive
systems a l ike  and they pe r t a in  to the f i n e r  d e t a i l s  of such
systems , they  wi l l  not be e l abora te d here .

5. CONCLUDING REMARKS

Once an i n t e r a c t i v e  system has been w r i t t e n , even
wi th  p rov i s ions  for  m o d i f i c a t i o n s  and e x t e n s i o n s , i t  is
wi thou t  excep t ion  ve ry  d i f f i c u l t  to a l ter  the bas ic
s t r u c t u r e  and c h a r a c t e r i s t i c s  of the system . There fo re  , if
an i n t e r a c t i v e  da ta  ana ly s i s  system is con t empla t ed , the
des igner  mus t  pay  close a t t e n t i o n  to al l  of the po ten t ial
f e a t u r e s  in the system , whe ther  some of ’ those f ea tu r e s  are
in tended  to be inc luded  in the i n i t i a l  i m p l e m e n t a t i o n  of the
system or no t .  In th is  a r t i c l e , the design process is
presented as a s equen t i a l  dec i s ion  process .  Most of the
f e a t u r e s  discussed are cons idered  by t h i s  au tho r to be



10

either  neces sa ry  or h ighl y d esira b le f e a t u r e s  in a goo d
i n t e r ac t ive system . They r e f l e c t the a u t h o r ’s e x t r a c t i o n
and ex trapolation of features in existing interactive
sys tems .

The c r i t e r ia im p l ied by ,  an d d e r i v a b le from , the
d i scus s ion  of these features are consistent with the
g e ne r a l l y  accepted  c r i t e r i a  in the e v a l u a t i o n  of i n t e r a c t i v e
systems and therefore can be used as such. However , the
p urp ose of the a r t i c l e  is to g i v e  an accoun t  of the g e n e r a l
considerat ions in the design of an interactive sys tem and to
focus attention on certain areas where there seem to be much
room for improvements in the existing interactive data
ana lys i s  sys tems.

_ _ _ _ _ _ _ __ _ _ _ _ _ _  • • •~~~~~• • • ~~~~~~~ . : •  J
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